
STA 442/2101 Formulas

Columns of A linearly dependent means
there is a vector v 6= 0 with Av = 0.

Columns of A linearly independent means
that Av = 0 implies v = 0.

A positive definite means v>Av > 0 for all vectors v 6= 0.

Σ = PΛP> Σ−1 = PΛ−1P>

Σ1/2 = PΛ1/2P> Σ−1/2 = PΛ−1/2P>

If limn→∞E(Tn) = θ and limn→∞ V ar(Tn) = 0, then Tn
p→ θ

If
√
n(Tn − µ)

d→ T ∼ N(0, σ2), then
√
n (g(Tn)− g(µ))

d→ g′(µ)T ∼ N(0, g′(µ)2σ2)

If Tn
d→ T and Yn

p→ c, then

 Tn

Yn

 d→

 T

c

 √
n(xn − µ)

d→ x ∼ N(0,Σ)

Let g : Rd → Rk etc. If
√
n(Tn − θ)

d→ T, then
√
n(g(Tn)− g(θ))

d→ ġ(θ)T, where ġ(θ) =
[
∂gi
∂θj

]
k×d

G2 = −2 log
(

maxθ∈Θ0
L(θ)

maxθ∈Θ L(θ)

)
= −2 log

(
L(θ̂0)

L(θ̂)

)
Wn = (Lθ̂n − h)>

(
LV̂nL

>
)−1

(Lθ̂n − h)

cov(w) = E
{
(w − µw)(w − µw)>

}
cov(w, t) = E

{
(w − µw)(t− µt)>

}
cov(w) = E{ww>} − µwµ>w cov(Aw) = Acov(w)A>

If w ∼ Np(µ,Σ), then Aw + c ∼ Nr(Aµ+ c,AΣA>) and (w − µ)>Σ−1(w − µ) ∼ χ2(p)

L(µ,Σ) = |Σ|−n/2(2π)−np/2 exp−n
2

{
tr(Σ̂Σ

−1
) + (y − µ)>Σ−1(y − µ)

}
, where Σ̂ = 1

n

∑n
i=1(yi − y)(yi − y)>

My(t) = E(eyt) May(t) =My(at)

My+a(t) = eatMy(t) M∑n
i=1

yi
(t) =

∏n
i=1Myi(t)

y ∼ N(µ, σ2) means My(t) = eµt+
1
2
σ2t2 y ∼ χ2(ν) means My(t) = (1− 2t)−ν/2

If W =W1 +W2 with W1 and W2 independent, W ∼ χ2(ν1 + ν2), W2 ∼ χ2(ν2) then W1 ∼ χ2(ν1)

yi = β0 + β1xi + εi β̂0 = y − β̂1x

β̂1 =
∑n
i=1(xi−x)(yi−y)∑n

i=1(xi−x)2 =
∑n
i=1 xiyi−nx y∑n
i=1 x

2
i−nx2 r =

∑n
i=1(xi−x)(yi−y)√∑n

i=1(xi−x)2
√∑n

i=1(yi−y)2
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yi = β0 + β1xi,1 + · · ·+ βp−1xi,p−1 + εi ε1, . . . , εn independent N(0, σ2)

y = Xβ + ε ε ∼ Nn(0, σ
2In)

β̂ = (X>X)−1X>y ∼ Np

(
β, σ2(X>X)−1

)
ŷ = Xβ̂ = Hy, where H = X(X>X)−1X>

e = y − ŷ = (I−H)y, X>e = 0 β̂ and e are independent under normality.∑n
i=1(yi − y)2 =

∑n
i=1(yi − ŷi)2 +

∑n
i=1(ŷi − y)2 SST = SSE + SSR and R2 = SSR

SST

SSE
σ2 = e>e

σ2 ∼ χ2(n− p) MSE = SSE
n−p

T = Z√
W/ν
∼ t(ν) F = W1/ν1

W2/ν2
∼ F (ν1, ν2)

Under H0 : Lβ = h, F ∗ = (Lβ̂−h)>(L(X>X)−1L>)−1(Lβ̂−h)
rMSE = SSRF−SSRR

rMSEF
∼ F (r, n− p)

π(θ|x) = f(x|θ)π(θ)∫
f(x|t)π(t) dt

E(L(d, x)|X = x) =
∫
L (d(x), θ)π(θ|x) dθ

Distribution Density or pmf Mean Variance

Exponential f(x) = θe−θx for x > 0 1/θ 1/θ2

Gamma f(x) = βα

Γ(α)e
−βx xα−1 for x > 0 α/β α/β2

Exponential f(x) = θe−θx for x > 0 1/θ 1/θ2

Normal f(x) = τ1/2
√

2π
e−

τ
2

(x−µ)2
µ 1/τ

Beta f(x) = Γ(α+β)
Γ(α)Γ(β) x

α−1(1− x)β−1 for 0 < x < 1 α
α+β

αβ
(α+β)2(α+β+1)

Binomial p(x) =
(
n
x

)
θx(1− θ)n−x for x = 0, 1, . . . , n nθ nθ(1− θ)

Poisson p(x) = e−λ λx

x! for x = 0, 1, . . . λ λ

log
(

πi
1−πi

)
= β0 + β1xi,1 + . . .+ βp−1xi,p−1 πi =

eβ0+β1xi,1+...+βp−1xi,p−1

1+eβ0+β1xi,1+...+βp−1xi,p−1

log(λi) = β0 + β1xi,1 + . . .+ βp−1xi,p−1

log

(
π1

π3

)
= β0,1 + β1,1x1 + . . .+ βp−1,1xp−1 = L1

log

(
π2

π3

)
= β0,2 + β1,2x1 + . . .+ βp−1,2xp−1 = L2

π1 =
eL1

1 + eL1 + eL2

π2 =
eL2

1 + eL1 + eL2

π3 =
1

1 + eL1 + eL2
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> # Chi-squared critical values

> df = 1:6

> Critical_Value = qchisq(0.95,df)

> cbind(df,Critical_Value)

df Critical_Value

[1,] 1 3.841459

[2,] 2 5.991465

[3,] 3 7.814728

[4,] 4 9.487729

[5,] 5 11.070498

[6,] 6 12.591587

This formula sheet was prepared by Jerry Brunner, Department of Statistics, University of
Toronto. It is licensed under a Creative Commons Attribution - ShareAlike 3.0 Unported License.
Use any part of it as you like and share the result freely. The LATEX source code is available
from the course website: http://www.utstat.toronto.edu/∼brunner/oldclass/302f17
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